###### Strengths and limitations of this study

-   The Japan Environment and Children's Study (JECS) is a nationwide birth cohort study that includes 103 062 pregnancies with confirmed obstetric outcomes in the recruitment; 45% of live births within the study area was covered by JECS.

-   The data on the characteristics of the mothers and children who participated in JECS showed similarity with those from Japanese Vital Statistics.

-   The sample size of this study was sufficient to examine the risk factors of lost-to-follow-up.

-   The study is strengthened by its assessment of the effects of lost-to-follow-up on prevalence estimates as well as the exposure--outcome relationship.

-   The study has two limitations: a short follow-up period and inconsistent provision of consent by participants' partners, weakening the effects of the non-participation group.

Introduction {#s1}
============

Lost-to-follow-up is one of the problems in longitudinal cohort survey studies. Lost-to-follow-up participants reduce the sample size designated at the study planning stage, negatively affecting statistical power and analysis results. Certain characteristics related to questionnaire response rates may cause a selection bias in the analysis. Previous studies have confirmed that participants' interest in and understanding of the studied disease and health-related behaviours affect questionnaire response rates, particularly in health-related studies. Cross-sectional studies have examined the relationship between non-responsive and responsive participants' interest in the study purpose, their socioeconomic status and so on.[@R1] On the other hand, a study using participants of longitudinal birth cohort study found an association between socioeconomic status and mother's age.[@R7] However, few studies have examined the factors related to partial follow-up participants. Therefore, it is necessary to examine the characteristics of participants who do not return questionnaires.

The Japan Environment and Children's Study (JECS) is a nationwide birth cohort study that was started in 2011 to examine the environmental factors affecting child health. The study recruited approximately 100 000 pregnant women between 2011 and 2014 to collect biosamples, environmental samples and questionnaire information on their children from pregnancy until 13 years of age.[@R10] JECS covered approximately 45% of the total number of live births within the study area in 2013; moreover, the characteristics of the participating mothers and their children were similar to those obtained from Japan's 2013 Vital Statistics Survey.[@R11] The follow-up period is currently in progress, and the data on the children's first year have been finalised.

In this study, we examined the factors related to the non-response and/or lost-to-follow-up to the two questionnaires administered to participants by mail during the first year after delivery using data from JECS.

Methods {#s2}
=======

JECS study design {#s2-1}
-----------------

Participants were recruited by JECS research co-ordinators at JECS collaborating obstetric hospitals when they came for a health check-up during their first trimester. There were two baseline questionnaires that were administered during pregnancy (first trimester and second or third trimester) and 1 month after delivery. These questionnaires were distributed by JECS research co-ordinators at the collaborating obstetric hospitals and were collected by them at the hospitals or by mail. JECS also requested participants' partners (ie, fathers of the children) to participate in the study. For the participating partners, self-administered questionnaires were distributed to them once during the mothers' pregnancy. The partner questionnaires were distributed by JECS research co-ordinators at the collaborating hospitals, or through the participating mothers, and were collected by JECS research co-ordinators through the mothers or by mail. Maternal medical information during pregnancy and at delivery, as well as medical information on the new-born children of the participants, were transcribed by physicians, midwives/nurses and/or JECS research co-ordinators from the medical records of the collaborating hospitals.

One month after delivery, the participating mothers and their children mostly did not use the obstetric hospital for health check-ups; thus, information on JECS participants' children's health and growth metrics was collected through questionnaires. In this study, we examined data on 6-month-old and 1-year-old children. Both questionnaires were distributed and collected by mail.

Study design {#s2-2}
------------

This study used the JECS Group dataset (jecs-an-20180131), released in March 2018 for stakeholders. (The dataset supporting the conclusions of this article will be available after the steering committee of the JECS permits its accessibility.)

The number of records in the dataset in the survey is 104 065. The number of pregnancies who participated in this study is 103 062. Of them, 93 417 participants were included in the analysis after excluding those with redundant consents due to multiple consents, those with multiple births, abortions, or stillbirths, and those who withdrew from the study within 1 year after informed consent. Participants were classified into four groups using the response status of the two self-administered questionnaires distributed 1 year after delivery ([figure 1](#F1){ref-type="fig"}).

![Flow chart of the selection criteria for the four groups based on responses to the two consecutive questionnaires.](bmjopen-2019-031222f01){#F1}

The study analysed the following information, collected from self-administered questionnaires at baseline (two kinds), during pregnancy, and 1 month after delivery, and medical records at delivery: education status, annual household income, participants' medical history, delivery conditions (participation in 'satogaeri bunben', ie, returning to the mother's parents' home for delivery), postpartum smoking and alcohol consumption, postpartum physical conditions of the child, the primary caregiver of the child and the number of siblings living with the child. Psychological distress during pregnancy and depression after delivery were evaluated using the Kessler Psychological Distress Scale (K6), Japanese version[@R12] and the Edinburgh Postnatal Depression Scale (EPDS),[@R13] respectively. Information on the health status of the child at birth (Apgar score, presence or absence of physical anomalies) was collected from medical records at delivery.

Participants' age at delivery was categorised as follows: \<25, 25--29, 30--34 and ≥35.

Partner participation was categorised as follows: did not participate, inactive (or delayed refusals) participation (ie, the partner consented to participate in the study but did not return the questionnaire) and active participation (ie, the partner consented to participate in the research and returned the questionnaire).

Definitions {#s2-3}
-----------

Participants were divided into the following four groups based on the response status to the two questionnaires administered within 1 year: the 'lost-to-follow-up group' (non-response to both questionnaires), the 'resumed group' (non-response to the questionnaire for 6-month olds only), the 'discontinuation group' (non-response to the questionnaire for 1-year olds only) and the 'continuation group' (responses to both questionnaires).

Regarding the presence or absence of physical anomalies of children, those diagnosed as 'having physical anomalies' or 'suspected of having physical anomalies' by an obstetrician were classified as 'having physical anomalies'.[@R14] The Apgar score cut-off point was 6/7.

Psychological distress during pregnancy, as measured by the K6 scale (Japanese version), was defined as K6≥13, and postpartum depression, as measured by EPDS, was EPDS≥9.

Postpartum health status of the participants at 1 month after delivery was categorised into the following four categories based on each participant's subjective health status: 'poor', 'fair', 'good', and 'very good.'

Primary caregivers of JECS participants' 1-year-old children were categorised into two groups: 'mother' and 'other than mother'.

The number of siblings living with the child was categorised into three groups: 0, 1 and ≥2.

Education status was categorised into two groups: \<13 years and ≥13 years.

Annual household income was categorised into three groups: \<4 million yen, ≥4 million and \<12 million yen, and ≥12 million yen.

Patient and public involvement {#s2-4}
------------------------------

JECS started recruiting expectant mothers in January 2011 with the aim of assessing environmental factors that affect children's health, with the goal of providing a foundation for policymaking to safeguard the environment for the next generation. JECS study aimed to recruit approximately 100 000 pregnant women and their partners over 3 years, to collect biological samples, and to collect data on their children until they turned 13 years old.[@R10]

Written informed consent for participation in JECS was obtained from individual mothers. In addition to the JECS main study, adjunct studies were conducted by the member of JECS Group or any combination of them. The adjunct studies may have included procedures that were not adopted by the main study. This study was one of the adjunct studies of JECS, based on an existing dataset, and hence, patients were not directly involved in the sampling process.

Analysis methods {#s2-5}
----------------

Information on the participants (ie, duration of education, household income, medical history, smoking, alcohol consumption and depression), the health status of the child (ie, Apgar score, presence or absence of physical anomalies), partner participation in JECS and the presence or absence of partner responses to the questionnaires were examined by Pearson's χ^2^ test or Fisher's exact test. A significance level of 0.01 (two-tailed) was used for all statistical analyses. A binomial logistic regression analysis was performed using significant variables to calculate OR and 95% CI. JMP Pro V.13 (SAS Institute) was used for all statistical analyses.

Results {#s3}
=======

Participant characteristics {#s3-1}
---------------------------

Response rates to the questionnaires (number of returned questionnaires/number of participants) for 6-month olds and 1-year olds were 92.7% (86 606/93 417) and 89.7% (83 863/93 417), respectively.

###### 

Baseline characteristics of samples

  -------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                   The lost-to-follow-up\   Resumed group\   Discontinued group\   Continued group\   P value
                                                                   (n=5675), %              (n=1136), %      (n=3879), %           (n=82 727), %      
  ---------------------------------------------------------------- ------------------------ ---------------- --------------------- ------------------ ---------
  Age at delivery (n=93 333)                                       \<0.001                                                                            

   \<25                                                            23.7                     22.0             19.9                  10.4               

   25--29                                                          30.1                     33.7             30.1                  29.3               

   30--34                                                          26.5                     27.3             31.2                  35.5               

   ≥35                                                             19.7                     17.0             18.8                  24.8               

  Smoking habits after delivery (n=90 337)                         \<0.001                                                                            

   Never smoked                                                    41.4                     47.5             47.7                  59.8               

   Ex-smoker who quit before pregnancy                             20.4                     21.5             20.5                  22.6               

   Ex-smoker who quit after pregnancy                              24.8                     19.7             23.2                  14.0               

   Smoker                                                          13.4                     11.3             8.6                   3.6                

  Alcohol consumption after delivery (n=90 428)                    \<0.001                                                                            

   Never drank                                                     86.2                     86.9             87.9                  91.7               

   Ex-drinker who quit before pregnancy                            5.8                      4.9              6.3                   4.4                

   Drinker                                                         8.0                      8.2              5.7                   3.9                

  Medical history of bronchial asthma\                             13.4                     12.3             12.3                  10.7               \<0.001
  \                                                                                                                                                   
  (n=91 837)                                                                                                                                          

  Mental health (K6) during pregnancy\                             6.5                      6.4              4.2                   3.0                \<0.001
  (≥13 points) (n=91 002)                                                                                                                             

  Mental health (EPDS) after delivery\                             19.3                     17.5             16.4                  14.0               \<0.001
  (≥9 points) (n=89 279)                                                                                                                              

  Self-reported mother's health status after delivery (n=90 332)   \<0.001                                                                            

   Very good                                                       40.7                     43.8             44.3                  45.8               

   Good                                                            27.5                     27.8             28.0                  28.2               

   Fair                                                            26.8                     23.1             24.0                  22.6               

   Poor                                                            4.9                      5.1              3.5                   3.2                

  Problems at delivery                                                                                                                                

   Apgar score \<7 at 1 min (n=90 274)                             3.9                      3.7              2.0                   2.1                \<0.001

   Physical anomalies in neonates                                  3.4                      3.4              2.1                   2.2                \<0.001

   Neonatal referral (n=89 843)                                    8.0                      7.2              5.8                   5.5                \<0.001

  Siblings living with the child after delivery                    \<0.001                                                                            

   0                                                               38.3                     41.9             41.7                  47.9               

   1                                                               35.1                     35.3             35.9                  34.6               

   ≥2                                                              26.6                     22.8             22.4                  17.5               

  Primary caregiver is child's mother\                             98.5                     98.9             98.9                  99.3               \<0.001
  \                                                                                                                                                   
  (n=90 436)                                                                                                                                          

  'Satogaeri bunben'\* (n=90 043)                                  41.9                     44.7             45.0                  49.8               \<0.001

  Educational status (≥13 years)\                                  46.5                     50.5             52.8                  65.4               \<0.001
  \                                                                                                                                                   
  (n=90 743)                                                                                                                                          

  Family income per year (n=84 693)                                \<0.001                                                                            

   \<4 million yen                                                 50.7                     51.9             46.3                  39.2               

   4--12 million yen                                               47.2                     46.1             52.3                  59.0               

   ≥12 million yen                                                 2.1                      2.0              1.4                   1.8                

  Partner participation†                                           \<0.001                                                                            

   Non-participation                                               61.6                     59.9             55.2                  47.1               

   Inactive participation                                          8.4                      3.8              2.3                   0.7                

   Active participation                                            30.0                     36.3             42.5                  52.2               
  -------------------------------------------------------------------------------------------------------------------------------------------------------------

\*'Satogaeri bunben' refers to the mother returning to her parents' home for delivery.

†If the partner agreed to participate but did not return the questionnaire, his/her participation was classified as passive participation. If the partner returned the questionnaire, his/her participation was classified as active participation. Partners who did not agree to participate or could not be contacted to request participation were classified under 'non-participation'.

EPDS, Edinburgh Postnatal Depression Scale; K6, Kessler Psychological Distress Scale.

Participant characteristics are shown in [table 1](#T1){ref-type="table"}. The age at delivery was significantly younger in the lost-to-follow-up group than in the other groups. Postpartum prevalence of smoking and alcohol consumption was also significantly higher in the lost-to-follow-up group than in the other groups (although alcohol consumption was the highest in the resumed group). Regarding self-reported health status, in the lost-to-follow-up group, the rate of 'very good' was the lowest among all groups and that of 'poor' was significantly higher compared with the discontinuation and continuation groups. Regarding socioeconomic status, duration of education was significantly shorter in the lost-to-follow-up group than in the other groups. Further, the rate of low-income earners was significantly higher in the lost-to-follow-up group than in the discontinuation and continuation groups, but the rate of high-income earners was also higher in the lost-to-follow-up group. Medical history of bronchial asthma also showed a significant negative association with the response rate to the questionnaires. Incidence of psychological distress and/or depression during pregnancy and after delivery was significantly higher in the lost-to-follow-up group.

Regarding problems at delivery, the rate of neonates with Apgar scores less than 7 at 1 min, physical anomalies or who were hospitalised was significantly higher in the lost-to-follow-up group.

In addition, the rate of women who participated in 'satogaeri bunben' at delivery was significantly lower in the lost-to-follow-up group. The rate of mothers who were the primary caregivers of the child was significantly lower in the lost-to-follow-up group. The number of siblings living with the child was significantly higher in the lost-to-follow-up group.

The rate of non-participating partners was significantly higher in the lost-to-follow-up group.

Factors related to lost-to-follow-up {#s3-2}
------------------------------------

Factors related to lost-to-follow-up for the discontinuation group, the resumed group and the continuation groups were examined in this study. [Table 2](#T2){ref-type="table"} shows the results of a logistic regression analysis of factors related to the lost-to-follow-up group.

###### 

Multivariate logistic regression predicting the likelihood of survey non-response of each questionnaire

  Variable                                        Resumed group         Discontinued group    Continued group
  ----------------------------------------------- --------------------- --------------------- ---------------------
  Age at delivery                                                                             
   \<25                                           Reference             Reference             Reference
   25--29                                         1.00 (0.81 to 1.25)   0.85 (0.73 to 0.99)   0.55 (0.49 to 0.61)
   30--34                                         0.98 (0.77 to 1.24)   0.71 (0.60 to 0.84)   0.40 (0.35 to 0.45)
   ≥35                                            1.27 (0.97 to 1.66)   0.83 (0.73 to 0.95)   0.40 (0.35 to 0.46)
  Smoking habits after delivery                                                               
   Never smoked                                   Reference             Reference             Reference
   Ex-smoker who quit before pregnancy            1.00 (0.82 to 1.22)   1.09 (0.95 to 1.25)   1.16 (1.05 to 1.29)
   Ex-smoker who quit after pregnancy             1.45 (1.17 to 1.79)   1.13 (0.99 to 1.30)   1.94 (1.75 to 2.15)
   Smoker                                         1.23 (0.94 to 1.61)   1.52 (1.26 to 1.85)   3.24 (2.83 to 3.72)
  Alcohol consumption after delivery                                                          
   Never drank                                    Reference             Reference             Reference
   Ex-drinker who quit before pregnancy           1.05 (0.74 to 1.49)   0.88 (0.71 to 1.10)   1.07 (0.91 to 1.27)
   Drinker                                        0.87 (0.65 to 1.16)   1.19 (0.96 to 1.47)   1.33 (1.14 to 1.54)
  Educational status (≥13 years/\<13 years)       0.88 (0.74 to 1.04)   0.90 (0.80 to 1.01)   0.74 (0.68 to 0.81)
  Family income per year                                                                      
   \<4 million yen                                Reference             Reference             Reference
   4--12 million yen                              1.12 (0.95 to 1.33)   0.92 (0.82 to 1.02)   0.91 (0.84 to 0.99)
   ≥12 million yen                                1.22 (0.69 to 2.14)   1.50 (1.00 to 2.24)   1.37 (1.22 to 1.45)
  Health status after delivery                                                                
   Poor                                           Reference             Reference             Reference
   Fair                                           1.27 (0.87 to 1.85)   0.80 (0.60 to 1.06)   0.79 (0.65 to 0.96)
   Good                                           1.12 (0.77 to 1.63)   0.75 (0.57 to 1.00)   0.73 (0.60 to 0.88)
   Very good                                      1.09 (0.75 to 1.58)   0.69 (0.52 to 0.92)   0.66 (0.54 to 0.80)
  K6 during pregnancy (≥13/\<13)                  1.00 (0.71 to 1.42)   1.32 (1.03 to 1.70)   1.33 (1.12 to 1.58)
  EPDS after delivery (≥9/\<9)                    1.14 (0.91 to 1.42)   1.01 (0.87 to 1.17)   1.10 (0.90 to 1.23)
  Physical anomalies in neonates (yes/no)         0.86 (0.54 to 1.36)   1.34 (0.95 to 1.89)   1.24 (0.98 to 1.57)
  Siblings living with the child after delivery                                               
   0                                              Reference             Reference             Reference
   1                                              1.13 (0.95 to 1.36)   1.10 (0.98 to 1.25)   1.47 (0.35 to 1.61)
   ≥2                                             1.28 (1.04 to 1.57)   1.35 (1.17 to 1.55)   2.10 (1.90 to 2.32)
  Primary caregiver (mother/others)               1.52 (0.72 to 3.20)   1.61 (0.98 to 2.64)   2.05 (1.46 to 2.88)
  Partner participation\*                                                                     
   Non-participation                              Reference             Reference             Reference
   Inactive participation                         1.41 (0.84 to 2.35)   1.82 (1.26 to 2.62)   3.75 (2.92 to 4.82)
   Active participation                           1.10 (0.94 to 1.29)   0.88 (0.79 to 0.98)   0.65 (0.60 to 0.71)

\*If the partner agreed to participate but did not return the questionnaire, his participation was classified as inactive participation. If the partner returned the questionnaire, his participation was classified as active participation. Partners who did not agree to participate or could not be contacted to request participation were classified under 'non-participation'.

AIC, Akaike\'s information criterion; EPDS, Edinburgh Postnatal Depression Scale; K6, Kessler Psychological Distress Scale.

The higher the mother's age, the greater the likelihood of belonging to the lost-to-follow-up group compared with the resumed group (≥35: OR 1.27, 95% CI: 0.97 to 1.66), and the smaller the likelihood of belonging to the lost-to-follow-up group compared with the discontinuation and continuation groups (≥35: OR 0.83, 0.40, prospectively). Smoking habits increased in the lost-to-follow-up group compared with the other groups for current smokers (resumed: OR 1.23; discontinuation: 1.52; continuation group: 3.24). Regarding alcohol consumption, the rate in the lost-to-follow-up group was lower than that in the resumed group (OR 0.87), but higher compared with the discontinuation and continuation groups (OR 1.19, 1.33, respectively). Education status decreased in the lost-to-follow-up group (at ≥13 years) compared with the other groups. Regarding family income, high-income earners increased in the lost-to-follow-up group compared with the other groups; however, the rate of medium-income earners increased in the lost-to-follow-up group compared with the resumed group (OR 1.12), while it decreased compared with the discontinuation and continuation groups (OR 0.92, 0.91, respectively).

The lost-to-follow-up group showed a decrease that depended on the self-reported health status after delivery compared with the other groups, but the OR was 1 or more in the resumed group and less than 1 in the discontinuation and continuation groups. Among all groups, the lost-to-follow-up group showed an increase in psychological distress during pregnancy and depression after delivery.

Regarding physical anomalies, the rate in the lost-to-follow-up group was low compared with the resumed group (OR 0.86) and high compared with the discontinuation and continuation groups (OR 1.34, 1.24, respectively).

Regarding the presence or absence of siblings, the higher the number of siblings, the higher the lost-to-follow-up rate (one sibling: OR 1.13, 1.10, 1.47, respectively; ≥2 siblings: OR 1.28, 1.35, 2.10, respectively). The lost-to-follow-up rate was significantly higher when the primary caregiver of the child was an individual other than the mother (OR 1.52, 1.61, 2.05, respectively). Regarding the relationship between partner participation and questionnaire response rate, OR for inactive participation was higher than 1 in the lost-to-follow-up group compared with the other groups, but that for active participation was higher than 1 compared with the resumed group and lower than 1 compare compared with the other two groups.

Discussion {#s4}
==========

In JECS, information on developmental environment and the growth and development of the children is collected through the observation of guardians---usually the participating mothers. This study examined factors related to the response rates to the questionnaires for 6-month olds and 1-year olds, using data from approximately 100 000 pregnant women participating in JECS. Factors related to follow-up to both questionnaires included postpartum physical conditions, number of siblings, the caregiver of the child at 1 month of age and partner participation. Depression during pregnancy was significantly associated with non-response to the questionnaire for 6-month olds only but not with non-response to the questionnaire for 1-year olds only. There was no significant association between physical anomalies in the child and non-response to both questionnaires. The degree of contribution of each significant factor varied between the two questionnaires. In the resumed group, there were no significant factors contributing to the response rate. In the discontinuation group, having two elder siblings and partial partner participation were significantly associated with higher lost-to-follow-up rates. More factors---such as the health status of the mother, number of siblings of the child, caregiver, partner participation, depression during pregnancy and so on---were related to follow-up rate in the continuation group more than in the other groups.

Many studies have reported that health-related behaviours and the socioeconomic status of questionnaire respondents affect questionnaire response rates.[@R2] As with this study, according to some previous studies, low health status at the time the questionnaire is completed is related to non-response in a mail survey.[@R24] While depression during pregnancy is difficult to alleviate,[@R26] it has been reported that postpartum depression resolves until 6 months after delivery then relapses.[@R27] The difference in the clinical course of depression in pregnant women may affect follow-up rate to the questionnaires for 6-month olds and 1-year olds.

The results of this study are consistent with those of previous studies in showing that health status, number of children and caregiver affect questionnaire response rates.[@R28]

The factor most strongly associated with both questionnaire response rates was partner participation. The results of a survey of people with a history of childhood cancer conducted by Alessi *et al* [@R30] suggested that patient participation may be affected by whether the general practitioner (GP) working with the patient understands the purpose of the survey.[@R30] In this study, we considered the participation status of the partners of participating mothers in JECS. Active participating partners agreed to participate in JECS and returned the questionnaires, so they were considered to be familiar with JECS. They might have played a role similar to that of the GP in Alessi *et al*'s[@R30] study; therefore, the lost-to-follow-up rate of participants decreased as a result of having such a partner. On the other hand, regarding inactive participation (delayed refusals), partners who agreed to participate but did not return the questionnaires, this study suggests that having an inactive partner may have increased participants' dropout rate. Therefore, it may be important to make people surrounding the JECS participants understand the purpose of JECS to prevent lost-to-follow-up.

Teague and colleagues examined the effectiveness of methods to prevent dropouts using meta-analysis, but found that methods other than reminders were less effective.[@R31] Results of this study show that including participants' surroundings during interventions might prevent dropout.

Limitations of this study {#s5}
=========================

This study has the following limitations: (a) the follow-up period was only 1 year and (b) not all partners of the JECS participants were contacted for participation in this study. As the dropout rate only during the first year of follow-up was examined, factors affecting the lost-to-follow-up rate for longer periods are not clear. The partners of the participants were contacted in person by the investigator during the pregnancy of the participants to obtain informed consent. However, in cases in which the investigators were not able to contact the partner to request participation, it was classified as participation refusal in the dataset because of the lack of informed consent. This study's strengths lie in its sample size and the participants' characteristics. There were 93 417 participants, which is sufficient for examining the risk factors of the lost-to-follow-up group. JECS covered about 45% of live births within the study area, and the characteristics of mothers who participated in JECS were similar to those of mothers in the Japanese Vital Statistics. Therefore, the results of this study have sufficient power for our analysis.
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